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Communication and sustainability science teams as complex systems
Bridie McGreavy 1, Laura Lindenfeld 2, Karen Hutchins Bieluch 3, Linda Silka 4, Jessica Leahy 5 and Bill Zoellick 6
ABSTRACT. Communication is essential to resilience, as interactions among humans influence how social-ecological systems (SES)
respond to change. Our research focuses on how specific communication interactions on sustainability science teams, such as how
people meet with each other; the ways in which they categorize themselves and others; the decision-making models they use; and their
communication competencies affect outcomes. We describe research from a two-year study of communication in Maine's Sustainability
Solutions Initiative, a statewide network of sustainability science teams. Our results demonstrate that decision making and
communication competencies influenced mutual understanding, inclusion of diverse ideas, and progress toward sustainability-related
goals. We discuss our results in light of key resilience themes and conclude with recommendations for communication design in
sustainability teams for improved collaborative process and outcomes.
Key Words: communication; interdisciplinary collaboration; public participation in scientific research; resilience; Structuration Theory;
sustainability science
INTRODUCTION
The resilience of social-ecological systems (SES) is influenced by
interactions among humans and between humans and material
environments. Sustainability science and public participation in
science programs that have emerged in recent decades build on
the premise that improving connections among humans and
environments can contribute to resilience and adaptability (Kates
et al. 2001, Jordan et al. 2012). However, the degree and quality
of connections in these systems matter too (Adger et al. 2005,
Folke et al. 2005, Shirk et al. 2012) because the ability to respond
to change relies partially on adaptive capacities like learning
(Pahl-Wostl et al. 2008, Ballard and Belsky 2010). Previous
approaches to studying interactions within SES have largely
adopted an information-based model of human communication
(Lebel et al. 2006, Pahl-Wostl 2006, Mitchell 2009, Janssen 2013).
Our communication research extends this systems perspective to
include communication structures, processes, and outcomes that
recursively create systems. Our model includes information
exchange but also sees communication as a more complex and
dynamic set of interactions. This expanded focus enables us to
identify SES components that contribute to overall resilience.  
We describe research from a two-year study of communication in
Maine’s Sustainability Solutions Initiative (SSI), a statewide
network of sustainability science teams. This research was guided
by two primary objectives. First, we sought to understand how
communication within sustainability science teams influences
outcomes related to learning and progress toward goals. Second,
we wanted to contribute to understandings of how system
properties promote SES resilience.
COMMUNICATION BEYOND INFORMATION
EXCHANGE IN AN SES
Approaching communication as a complex system emphasizes
part to whole relationships in which interactions produce a sum
greater than individual parts (Monge 1977, Ramage and Shipp
2009). This work builds on an extensive body of literature that
approaches social arrangements as systems (Folke et al. 2005,
Norberg and Cumming 2008, Stokols et al. 2013). Folke et al.
(2005) describe collaborative governance as “the structures and
processes by which people in societies make decisions and share
power” (Folke et al. 2005:444). This systems perspective assumes
that, through structure and process, people simultaneously
participate in and create the systems of which they are a part.
System as structure, process, and outcomes
We distinguish between communication structures, processes, and
outcomes, recognizing that these system dimensions are
interrelated and mutually influencing (see Table 1 for additional
term definitions). These dimensions interact to guide emergent
patterns of order at individual, team, organizational, and SES
scales. The notion that we never step into the same river twice
applies to understanding communication as system; we refer to
this dynamic as recursivity.  
We define communication structures as symbolic and material
configurations that guide how people interact (Giddens 1984,
Folke et al. 2005, Stokols et al. 2013). Stokols et al. (2013) refer
to language-based frames as semiotic structures and they describe
how these interact with material structures. Semiotic structures
include categorical typologies such as “stakeholder” and
“researcher” or what is labelled “right” as a course of action.
Openly negotiating structural frame differences can help identify
and promote agreed-upon structures (Dewulf et al. 2007). In our
use, material structures include funding allocation, meeting
strategies, and levels and frequencies of interaction. Together,
semiotic and material communication structures define the degree
of participation on teams (Shirk et al. 2012).  
Processes refer to capacities and resources on which people draw
in interactions (Giddens 1984, Folke et al. 2005). Processes within
communication systems include decision making (Norton 2007),
communication competencies (Thompson 2007, 2009), and
motivations and identity formation (Morgan 1997, Schneider and
Somers 2006). Following the recursive model, structures create
possible channels for interaction. Processes are the spaces of
interaction that occur within but that also continually reproduce
the channels (Giddens 1984, Poole and McPhee 2005).
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Table 1. Glossary of communication systems terms.
 
Term Definition
Communication
as complex
system
Assumes that, through communication, people
simultaneously participate in and create the social
systems (like teams and organizations) in which
they are also a part. More broadly, a systems
perspective emphasizes the part to whole
relationship in which the system emerges through
interactions among human and nonhuman actors
that continually shape patterns of social and
ecological order.
Recursivity Etymologically refers to patterns that “run
throughout” a system. Assumes that systems
contain the seeds for their growth and renewal in
which structure and process mutually interact to
shape dynamically unfolding patterns of order.
Although recursivity implies dynamic equilibrium,
it is more appropriately visualized as a fractal
pattern of self-similarity across scales of
organization than as an attractor or basins model
of change.
Feedback Communication that occurs as information
exchange.
Structure Symbolic and material parts of a system that create
the framework or draw the boundaries around
which social interactions occur. This is analogous
to Giddens’ (1984) concept of “rules” in social
formation.
Process Capacities and resources on which people draw in
their interactions to shape social formations. A
useful analogy that considers the relationship
between structure and process is that of a house.
The structure includes the foundation and walls
and processes guide how we live out our lives
within those confines (Poole and McPhee 2005).
Semiotic
structures
Semiotics studies how signs point toward specific
and socially agreed upon meanings. Signs, like
words, frames, typologies, visual imagines, are
material entities that reproduce meanings within a
society. Signs are not fixed points of reference to
stable entities. For example, the term “stakeholder”
can mean two different things to individuals on
teams depending on their respective societies,
disciplines, or other social domains.
Material
structures
Physical entities or resources that shape
participation, such as funding allocation, meeting
strategies, and levels and frequencies of interaction
as patterns of action. Although semiotic structures
are material, and the materials we describe rely on
signs for their description, we differentiate these
two parts of the system to provide specific points of
focus for studying and making decisions about
teams as complex systems.
Our analysis of outcomes emphasizes effective interdisciplinary
integration (Dewulf et al. 2007, Miller et al. 2008), social learning
(Pahl-Wostl 2006, Jordan et al. 2012), and progress toward
sustainability goals (Kates et al. 2001). This emphasis is informed
by objectives within sustainability science, public participation in
science, and resilience literatures.
Application to interdisciplinary collaboration and public
participation
Previous communication studies have focused on processes,
structures, and outcomes associated with interdisciplinary teams
(Thompson 2007, 2009, Fraser and Schalley 2009, McGreavy et
al. 2013). Different types of interactions influence how objectives
are achieved and the quality of interpersonal relationships
(Thompson 2009). Demonstrating presence, laughing together,
and active listening can improve the quality and outcomes of
participation. In contrast, sarcasm, blatant boredom, and power
struggles inhibit efficacy and capacity (Thompson 2009).
Described as collective communication competencies, these
practices have been shown to be essential for successful
interdisciplinary collaboration (Fraser and Schalley 2009,
Thompson 2009).  
Discussions of public participation draw from communication
systems perspectives to promote specific outcomes, like
environmental policy (Daniels and Walker 2001, Senecah 2004,
Norton 2007). Several studies demonstrate that effective public
participation relies on adequate access to information, standing
in participatory processes, and influence within decision making
(Depoe et al. 2004, Senecah 2004, Walker et al. 2006). Decision
making refers to spaces of interaction that create or constrain
participation on a team (Norton 2007). In this view, when a single
person on a team is positioned as the primary decision maker, we
consider that a space of action that forecloses others’ access to
that space.
Resilience thinking
Resilience is a way to think about adaptive capacities,
transformability, and sustainability (Walker et al. 2004, Folke et
al. 2010, Goldstein 2012). SES are resilient to the extent that they
can respond to external drivers and adjust internal processes to
allow for development along an intended path (Adger et al. 2005).
Resilience thinking enables us to understand social interactions’
influence on collective abilities to maintain or transform systems.  
Systems theories of communication contribute to three key
resilience lenses that can advance thinking about adaptive
capacity: (1) the system’s structures and processes supporting
diversity and learning; (2) its recursive properties; and (3) evidence
of emergent patterns of order. Resilience grapples with how to
study and make strategic interventions in patterns of order across
scale (Gunderson and Holling 2001, Miller et al. 2008). Applying
these lenses leads to our primary research question: How do we
evaluate and strategically change communication within teams to
promote sustainability outcomes? Related to this overarching
question, we ask:  
1. Structure: What are the semiotic and material structures
within teams? 
2. Process: How do teams make decisions? What are their
collective communication competencies? What are team
members’ motivations and identities? 
3. How do structures and processes influence outcomes, such
as learning and progress toward stated goals? 
We describe our results and then discuss these points to address
our primary question about how, through teams, we may
recursively guide the emergence of sustainability.
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Table 2. Degree of participation by stakeholder typology and category, level of involvement (1 = Not involved, 2 = Somewhat involved,
3 = Involved, 4 = Very involved), frequency of contact, and communication media (“all other” includes video, phone, and/or conference
call, technical reports and/or newsletters, project or research web site, and blogs).
 
Stakeholder Typology and Category Level Communication
Frequency
Media (%)
N Mean SD N Mode Total Face E-mail All other
More than human world 59 2.5 1.3 34 Don’t know ~ ~ ~ ~
Society Future generations 72 2.3 1.1 44 Don’t know ~ ~ ~ ~
Institution: NSF/EPSCoR 71 2.4 1 50 Annually 55 11 24 66
SSI 77 3 0.9 69 Monthly 108 36 43 21
University 73 2.1 1 43 Quarterly 65 39 46 15
Dept. colleagues 82 2 1 45 Monthly 88 49 49 2
Team &
Community:
Federal agencies 79 2.1 1.1 42 Quarterly 68 21 43 37
Individual citizens 82 2.6 1 65 Quarterly 35 54 29 17
K-12 76 1.6 0.9 30 Never 92 37 35 28
Municipal officials 82 2.8 1.1 63 Quarterly 19 74 16 11
NGOs 78 2.7 1 62 Quarterly 99 41 37 21
Private sector 79 2.3 1 54 Annually 83 40 35 25
State agencies 80 2.8 1 63 Monthly 111 33 43 2
Tribal communities 78 1.5 0.9 18 Don't know 17 47 35 18
Cooperative Extension 82 1.8 0.9 36 Monthly 57 37 47 16
Team Researchers on SSI 79 2.5 1 62 Weekly 105 49 47 5
Individual Self 83 3.7 0.7 68 Daily ~ ~ ~ ~
METHODS
Maine’s Sustainability Solutions Initiative
We studied interdisciplinary collaboration and stakeholder
engagement within Maine’s Sustainability Solutions Initiative
(SSI). This five-year, $20 million National Science Foundation
(NSF)-funded project involved 11 Maine universities and
colleges, over 150 faculty and students in 20+ disciplines across
biophysical and social sciences, and stakeholders from diverse
institutions. The 20 project teams focused on SES issues related
to water and urbanization, climate and energy, and forest
management. The Maine Tidal Power Initiative team exemplifies
SSI’s approach to produce use-inspired research. This team
involved multiple disciplines, e.g., engineers, marine biologists,
and social scientists, and diverse stakeholders, such as, state and
federal regulators, tidal power developers, and fishermen
(Johnson and Zydlewski 2012). Researchers Johnson and
Zydlewski (2012:63) note that creating spaces where community
members could ask questions and receive project updates was
“key to allowing productive dialogue and decision-making about
the risks and benefits of tidal power.” They also worked with
fishermen to identify important habitat areas to avoid in the
deployment of the turbine. The ways in which they involved the
public in their science led to successful installment of a tidal power
turbine in Cobscook Bay. This team demonstrates the
sustainability science approach that was intended for all SSI
teams. Our research sought to understand the emergent patterns
within teams to understand why some teams made progress in key
areas while other teams did not.
RESEARCH DESIGN AND ANALYSIS
We employed a mixed-methods research design in four phases:
(1) ongoing participant observations; (2) qualitative interviews (n
= 41); (3) an online survey (n = 156); and (4) member-checking
interviews with key informants (n = 5) to ground-truth
observations (Creswell 2003). The mixed methods approach
allowed for rich qualitative insights about individual experiences
and subsequent analysis of how these experiences generalized
within the organization. Our sequential mixed methods design
also used qualitative results to inform the development of our
survey (Creswell 2003).  
For our qualitative research, we conducted participant
observations at all organizational events and meetings. The first
author took detailed field notes from October 2010 through May
2013. We interviewed 41 faculty members and graduate students
using a purposive sampling strategy that invited participation
from the University of Maine and University of Southern Maine
researchers who serve as SSI’s research hubs. Most interviews were
conducted in January through July 2011 and lasted approximately
one hour. Audio recordings were fully transcribed, resulting in
more than 600 pages of single-spaced transcripts. We used
modified grounded theory with stages of inductive content
analysis to code interviews in multiple rounds of coding and
triangulation (Corbin and Strauss 2008).  
We conducted an online survey using Qualtrics of a
comprehensive sample of participants in the network (n = 156;
Dillman 2007). The survey consisted of 26 questions that used 5-
point Likert scale, preference ratings, and text boxes and took
approximately 20 minutes. Survey questions asked participants
about team decision making, communication, and motivations
for stakeholder involvement in research (see Tables 2-4 for
questions). The online survey was active in July and August 2012,
and data were analyzed using the Statistical Package for Social
Sciences (SPSS) Version 19 (IBM Corporation, Armonk, New
York, USA).  
We created a summative scale of communication competence
variables and tested the internal reliability using Cronbach’s alpha
(Vaske 2008). We used Pearson correlation analyses to describe
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associations among variables. We also conducted an exploratory
Principal Components Analysis (PCA) with a varimax
orthogonal rotation on a set of questions that explored researcher
motivations (Hair et al. 2010). We used the Kaiser criterion to
select components with eigenvalues ≥ 1.0, and we used a multistep
process of interpretation to identify and retain components (Hair
et al. 2010) with listwise deletion for all missing data (Vaske 2008).
We used participant observations and interviews with key
informants (n = 5) to member check our interpretations (Patton
2002).
RESULTS
We inductively identified 21 interview codes, including decision
making and meeting strategies, typologies, challenges, and
opportunities within collaboration, and motivations and
identities related to partnership formation. We achieved a 56% (n
= 88) response rate for the online survey with at least one
respondent from every SSI team (22 total). Forty-five percent of
respondents indicated a primary institutional affiliation with
social sciences, 36% with biophysical sciences, and 19% with
administrative, engineering, humanities, and other self-identified
affiliations such as environmental and marine sciences.
Semiotic and material structures
What are the typologies?
In the interviews, participants’ descriptions of collaborators and
stakeholders followed a nested typology (Table 2), as summarized
by one participant:  
The first set of stakeholders is the people I work with,
the team itself. And then other folks who are involved
with the SSI project, and then other folks that are
complementary to the University institutional functioning.
I didn’t anticipate thinking of them as stakeholders, but
you kind of have to. Concentric circles outward is how I
think of stakeholders. To be human means that you live
on this earth, you breathe air, and drink water. Those are
the stakeholders that I see that are ... human and more-
than-human. 
Participants routinely described stakeholders in these terms,
starting at individual level and moving outward to include
institutions such as SSI, the University of Maine, and NSF;
community groups; society and future generations; and the more-
than-human-world.
What are the material structures?
Participants described several material structures on their teams,
most notably the funding allocation; geographic distance between
campuses; time intensiveness of collaboration; and restrictive
tenure and promotion review systems. Of these, funding was a
primary concern, as participants described how funding shaped
their collaboration, as demonstrated by the following quote:  
There is this complicating factor that the budget is split
between [these two campuses] and the [other campus’]
budget was negotiated from the start in a very different
way. So it’s a reality of university politics or just design
organization, but it does influence decision making ’cause
it’s there in the background. Their budget was negotiated
at the outset of the project for five years. That’s a very
different working environment than the rest of us on my
campus’ side. 
In SSI, funding was a material structure that influenced processes
like decision making and other project-related activities. The
following questions posed in one interview demonstrate the need
to describe material structures and subsequent patterns of action
that guide the degree of participation:  
How much do we have to meet? How much do we have
to talk? How much do we have to hang out in order to get
at the level where we can work together effectively and
trust one another and not have the typical gamesmanship? 
We used the stakeholder typology to gauge levels of involvement
with stakeholders. Participants reported high levels of
involvement with municipal officials (M = 2.8, SD = 1.1), state
agencies (M = 2.8, SD = 1.0), and nonprofit organizations (M =
2.7, SD = 1.0). Our results on communication frequency
demonstrated that researchers were in contact with key
stakeholders on a monthly or quarterly basis. Researchers
reported that most interactions occurred face-to-face or through
e-mail, demonstrating a key technology that structured
communication. The following quote illustrates the interaction
of semiotic and material structures:  
[When our team first met] we sat around for two or three
hours and we just talked about why does [your discipline]
do it this way? And we were comparing notes. You guys
do this and I’ve done that ... but am I doing it right? That
sort of thing. 
This participant described their initial meeting as being face-to-
face for two to three hours. At this meeting, i.e., within the material
structure, they began to negotiate the semiotic structure of what
was “right” on their team.
Processes: resources and capacities drawn on in interaction
How do teams make decisions?
By using relative interview coding frequency, we identified five
primary decision-making models, including consensus-based
(63%), problem-project specific (49%), core group involving 3-4
people (49%), single person decision maker (34%), and no
decision-making structure (2%). Most SSI teams used a
consensus-based or problem-project specific model of decision
making, creating space to talk about perspectives and work
through differences. Many teams described employing more than
one decision-making strategy:  
We get together for meetings or through email, come to
a consensus usually. It is pretty driven by that rather than
one person making a decision, unless it is something silly
and small. And the reason for that is because it’s a
combination of divergent interests so not any one person
can [make all the decisions]. Remote sensing people are
much better at making decisions about remote sensing
than I am, as an example. 
This participant described both consensus-based and problem-
project specific models. They also described face-to-face meeting
strategies, a structural characteristic. In contrast, the single person
decision-making strategy is exemplified in the quote: “[For this
team], I’m the primary decision maker. I try and protect the Co-
PI’s. Grad students carry out the work.”  
In cases where teams primarily used single person decision
making, interview participants expressed frustration with lack of
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Table 3. Correlations among process variables, including decision making and collective communication competence (CCC), and
outcome variables including mutual understanding of goals, idea inclusion, and satisfaction with stakeholder engagement. Participants
were asked to rate their level of agreement or disagreement with statements (1 = Strongly disagree and 5 = Strongly agree).
 
Mutual Understanding Ideas
Included
Engagement
Satisfaction
N Mean SD (Mean=4.1,
SD 1.03)
(Mean=4.3,
SD 0.78)
(Mean=3.7,
SD 1.1)
Decision Making:
I am very involved in the decision making
on my team.
82 4.01 1.09 0.50** 0.81** .25*
CCC Summative scale (α = 0.69) 82 24.71 3.78 0.64** 0.66** 0.45**
CCC Scale with variables 82 4.12 0.63 ~ ~ ~
1. My team members communicate well
with each other.
82 4.10 0.98 0.62** 0.52** 0.39**
2. My team rarely shows respect for
diverse opinions.
82 1.88 1.24 -0.17 -0.03 -0.01
3. My team laughs or uses humor
frequently.
82 4.28 0.82 0.36** 0.33** 0.33**
4. My team rarely discusses outcomes. 82 1.99 0.99 -0.43** -0.51** -0.39**
5. My team actively works to build a
common language.
82 3.90 0.87 0.50** 0.48** 0.38**
**Correlations significant at the 0.01 level (2-tailed).
*Correlation significant at the 0.05 level (2-tailed).
access to decision space and lower satisfaction with overall
process.
What are teams’ communication competencies?
Participants described a high degree of communication
competence: members demonstrated respect, trust, and listening.
They avoided negative sarcasm, power jockeying, and
demonstrating boredom. Participants identified humor as
important in their communication. This participant describes key
dimensions of their communication competence, emphasizing
shared decision making, mutual respect, and how they do not
jockey for power:  
I think the only thing that is intentional and planned is
that [the co-PI’s] both have, there’s complete mutual
respect among the parties. We don’t have this faculty
versus grad student, which often does crop up. But in our
group I’ve seen virtually no signs of that. I think because
it’s an environment of mutual respect. We don’t think
about it, we just go about and make decisions. Because
of that we don’t have anyone saying, “Well, I know better
because I’ve been doing this longer.” We don’t really run
into those issues at all. 
The survey results demonstrated that this pattern held across the
organization because the mean communication competence score
was 4.1, indicating agreement that teams communicated well,
showed respect for diverse opinions, and laughed together, among
other features (SD = 0.63, α = 0.69; Table 3).
What are team members’ motivations and identities?
We found that SSI members were motivated to work across
disciplines and with stakeholders because they identified as
sustainability scientists, needed to span boundaries, and were
influenced by NSF funding. Researchers described several
different identity-related dynamics. The following quotation
demonstrates one researcher’s identity as a sustainability scientist
and how this relates to her motivation to collaborate:  
In my view, you go back to some of the early writings by
Bill Clark, Nancy Dickson, even Cash to a certain extent,
where they say, “What is sustainability science? Well,
we’re going to look at the dynamics of coupled natural
human systems. We’re going to do work that is problem
oriented. And we’re going to coproduce knowledge with
stakeholders.” So, to me it’s part of the definition. It’s
what distinguishes sustainability science from some other
form of science. It’s reconceptualizing science or how we
do research. 
This participant described norms associated with sustainability
science and integrated these norms into her identity as a
researcher. The quantitative PCA results demonstrated this
pattern of motivation and identity across SSI more broadly. The
PCA identified six factors in researcher identities and motivations
related to stakeholder engagement, including sustainability
scientist identity (e = 6.14, VAR = 29.25, α = 0.83), the need for
boundary spanning (e = 2.04, VAR = 9.71, α = 0.78), and service
to society (e = 1.76, VAR = 8.40, α = 0.66; Table 4). Other
motivation factors included funding support and grant
requirements, commitment to stakeholder rights and
relationships, and departmental obligations.
Outcomes: mutual understanding, diverse ideas, progress
Qualitatively, we found that decision making and communication
competencies affected how participants felt about the process,
their ongoing commitment to collaborate, and eventual project
outcomes like developing research methods, implementing new
technologies, and enacting legislation. Interviews and participant
observations revealed that teams using single person decision
making experienced reduced individual satisfaction and slower
or no progress toward goals.  
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Table 4. Principal Components Analysis (PCA) of researcher motivations for stakeholder engagement. Participants were asked to rate
how much they agreed or disagreed with the following statement: “I was motivated to engage stakeholders in my SSI project(s) because
...”
 
Rotated Component Matrix†
1 2 3 4 5 6 Communality
1. Sustainability Scientist Identity, α = 0.83
... they will help me be the kind of scholar I want to be. 0.74 0.20 0.15 0.09 0.06 0.13 0.63
... it makes my research relevant and locally appropriate. 0.71 0.20 0.18 0.02 0.17 -0.11 0.62
... I want to help empower stakeholders to have a voice in the research. 0.67 0.29 0.14 0.09 0.30 0.19 0.69
... the partnership(s) ensure stakeholders’ and researchers’ needs are
met.
0.52 0.45 0.32 -0.16 0.09 0.12 0.63
2. Boundary Spanning, α = 0.78
... their involvement in this research is more likely to influence
individual and/or institutional action.
0.28 0.76 0.13 0.08 -0.07 0.03 0.69
... I enjoy learning from people with different types of knowledge. 0.22 0.71 -0.02 0.04 0.24 -0.12 0.63
... it will help ensure the sustainability of the issue(s)/resource I study/
care about.
0.49 0.65 0.24 -0.01 -0.24 -0.01 0.78
... it will help resolve conflict among stakeholders. 0.06 0.59 0.16 -0.04 0.21 0.27 0.50
... of the satisfaction I experience from taking on interesting
challenges.
0.38 0.49 0.08 0.15 0.40 0.04 0.57
3. Service to Society, α = 0.66
... I feel like I’ve failed if  my research isn’t used by society. 0.21 0.11 0.81 -0.22 0.10 -0.03 0.77
... I believe the issue I study is in a state of crisis. 0.28 -0.08 0.67 0.18 -0.12 0.10 0.59
... it will help me educate and train citizens, a central goal in my work. 0.35 0.17 0.55 0.18 0.15 0.01 0.51
... my colleagues brought them into the process. -0.16 0.33 0.52 0.28 0.01 0.10 0.49
... I want to be recognized by my peers as doing this work well. 0.01 0.37 0.50 0.04 0.30 0.26 0.55
4. SSI Funding Opportunity, α = 0.62
... SSI requires me to include them. 0.09 -0.07 -0.06 0.89 0.09 0.10 0.82
... of the funding SSI provides. 0.28 0.13 0.15 0.75 -0.30 -0.13 0.78
... I have nothing to lose. -0.28 0.11 0.28 0.51 0.20 0.14 0.49
5. Rights and Relationships, α = 0.65
... I don’t have the right to exclude stakeholders from processes that
may impact them.
0.18 0.05 0.14 -0.03 0.85 0.14 0.79
... I really enjoy working with stakeholders. 0.48 0.25 -0.04 0.02 0.54 -0.07 0.59
6. Departmental, α = 0.62
... my department required my participation. -0.11 0.03 0.05 0.18 0.00 0.87 0.80
... it helps me bring on more graduate student. 0.27 0.07 0.10 -0.10 0.12 0.81 0.77
Totals
Eigenvalues 6.14 2.04 1.76 1.47 1.18 1.10 13.69
Percent of variance 29.25 9.71 8.40 6.98 5.63 5.22 65.20
†Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy, 0.73; Bartlett’s Test of Sphericity = 638.54, df 210, n = 82.
We tested relationships among process and outcomes statistically
and found both decision making and communication competence
strongly correlated with inclusion of diverse ideas (r = 0.81 and
r = 0.66, respectively). Communication competence also strongly
correlated with mutual understanding (r = 0.64).
DISCUSSION
Our results show how structures, like typologies and
communication technologies, helped define and guide team
participation in SSI. These structures interacted with processes,
including decision making, communication competencies, and
motivations and identities, to influence outcomes like mutual
understanding, the inclusion of diverse perspectives, and progress
toward goals. Qualitatively, we found that decision making and
communication competence influenced collaboration satisfaction
and progress toward goals. Quantitatively, decision making and
communication competence were both strongly correlated with
the inclusion of diverse ideas in the project. Communication
competence was also strongly correlated with mutual
understanding among team members.  
We consider these results through our overarching research
question, namely how do we evaluate and strategically change
communication within teams to promote sustainability
outcomes? Approaching communication as a complex system
means that our strategies must align with this worldview.
Resilience, with its extensive scholarship on complex systems,
provides a heuristic for advancing recommendations that may be
applied with sensitivity to complexity, context, and scale. When
paired with communication as complex system, we can elaborate
resilience lenses related to diversity and recursivity and apply these
to a discussion of emergent patterns of order across
organizational scales. We conclude with recommendations for
communication design within teams as complex systems.
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Decision making, diversity, and learning
Adaptive capacities are enhanced when collaborators find ways
to combine diverse perspectives for enhanced learning (Dewulf
et al. 2007, Miller et al. 2008). Similar studies of resilience and
interdisciplinary collaborations have demonstrated the importance
of diversity of perspectives and forging new frames of
understanding (Dewulf et al. 2007, Miller et al. 2008) so that
sources of creativity can generate new insights about problems.
In situations of continual and abrupt change, the diversity of
ecologies, livelihoods, perspectives, and the presence of
governance that is inclusive have been shown to be essential for
resilience (Adger et al. 2005).  
Several interview participants described how team structures
fostered or inhibited inclusion of diverse perspectives. One
researcher described initial meeting strategies that influenced
subsequent team collaboration. Initially, this team met face-to-
face and engaged in extended discussion about methodological
differences. This process provided opportunities to ask, “Am I
doing this right?” laying the foundation for mutual respect and
trust. Meeting face-to-face is a material structure and pattern of
action that interacts with a semiotic structure of what is defined
as “right” that then guided how the team ordered itself.  
This demonstrates the mutual influence of structure and process.
The team’s use of active listening coupled with reflection on
disciplinary differences demonstrated high communication
competence (Thompson 2009). This approach enabled
identification and negotiation of frame differences and the
production of new frames of understanding (Dewulf et al. 2007).
This team figured out how to include remote sensing as a research
technique by using inclusive decision making as process coupled
with meeting face-to-face to work through differences in methods
and disciplinary language. These communication interactions
then set them on a course to produce specific and measurable
outcomes like mutual understanding across disciplines, as
collaborators learned more about remote sensing and its value.
This team developed strategies to include diverse ideas where
remote sensing people could integrate their skill set into the team.
Finally, they charted a course to make progress toward the stated
goal of promoting the use of remote sensing in Maine
communities.  
In contrast, teams using a single person decision-making model
defined what is “right” within a narrower participation space.
Consequently, those who did not have access to that space felt
their ideas were excluded from the team’s development. When
teams do not create space to integrate diverse perspectives, e.g.,
remote sensing people are not invited to explain the value of their
work or graduate students are unable to contribute their expertise,
teams constrain their learning opportunities and adaptive
capacities.  
Team members defined semiotic structures, such as typologies
and norms, alongside material structures, including how a team
meets and the length and frequency of these meetings. These
become paired with processes that further guide what occurs, such
as decision making, learning, and the combination of diverse
perspectives. Individual, team, and organizational awareness of
how these system components interact is essential for team
adaptability and functionality. Further, this awareness allows the
identification of whether or not interactions are aligned with
intended outcomes and creates a basis to make decisions about
how to strategically alter specific structures and processes for
improved outcomes.
Recursive model of change
There is a need to understand changes across scales in systems in
which interactions among diverse parts produce emergent wholes
(Gunderson and Holling 2001). Feedback and recursivity are
related yet distinct ways of tracing the part to whole relationship
within complex systems. Feedback focuses on how information
exchanged between the parts of a system promotes self-regulation
for dynamic stability or transformation (Walker et al. 2004, Lebel
et al. 2006). Feedback more closely aligns with a cybernetic
systems perspective in which humans have a higher degree of
assumed control than in complex adaptive systems (Morgan 1997,
Ramage and Shipp 2009).  
As an alternate yet complementary orientation, recursive models
of change assume that systems themselves contain the seeds for
their own maintenance and transformation (Giddens 1984,
Hernes and Bakken 2003). Recursivity accepts “that structure and
process interact, and furthermore, that they both change through
mutual interaction” (Hernes & Bakken 2003:1512). Strategic
action as adaptation is still possible but the ability to control is
less complete (Giddens 1984), focusing instead on attunement to
systems dynamics and attempted alignment. Emphasizing
becoming over remaining, what becomes possible is conditioned
by what came before; but what emerges is a continually new and
redefined pattern of order (Barad 2007). In a recursive model,
visualizations that emphasize the fractal or fluid dimensions of
change are preferred over those that are based on attractors and
basins (Morgan 1997).  
We apply the lens of recursivity to the above discussion of
diversity, decision making, and learning. When the team we
described met face-to-face, they talked about differences in
method and developed new frames of understanding for what was
“right” (Dewulf et al. 2007). These semiotic and material
structures interacted with team-based decision making and
communication competence, and the team consequently figured
out how to include remote sensing as a technique. We can consider
how these patterns of order recursively flowed throughout
structures and processes at different organizational scales.
Applying our quantitative results to the individual level, the
researcher who used remote sensing likely felt involved in the
decision making and that her ideas were included. From our
qualitative results, we know that having access to decision making
influenced how collaborators felt about the team, their ongoing
commitment to working together, and their ability to produce
sustainability-related outcomes. In this case, the outcome was
related to the ability to use remote sensing as a technology for
community mapping and sustainable development. These parts,
individual, team, organization, SES, are recursively related
because what happens at individual and team levels influences
what becomes possible and available within organizations and
SES, and vice-versa.  
In the results related to motivations and identities, the researcher
who described the integration of sustainability science into her
own identity provides another example of recursion.
Opportunities for learning within SSI as an organization, like the
many presentations in which participants learned about the work
Ecology and Society 20(1): 2
http://www.ecologyandsociety.org/vol20/iss1/art2/
of Dickson and others, helped promote sustainability-related
identities. For this participant, changing how she saw herself  as
a scholar has implications for her continued association with the
team and the outcomes this team can produce because of her
unique contributions. The results from the PCA showed that
participants similarly expressed identity as sustainability
scientists, a need to span boundaries, and interest in serving
society. These identity and motivation patterns are key processes
for SSI as an organization if  it is to outlive the current grant cycle.
Encouraging the development of these patterns as the
organization changes will recursively guide the organization for
what it continues to become.
Emergent patterns of order
Resilience literature shows that interactions that promote learning
from diversity can enhance creativity, responsiveness, and
adaptive capacities. Recursivity assumes interactions are always
set within self-similar, nonlinear, and mutually influencing modes
of production. Strategic change comes from paying attention to
structures and processes that emerge from these interactions and
how these shape cross-scale patterns of order.  
What matters is not necessarily one meeting strategy or decision
making approach over another but attunement to how structures
and processes create conditions for what becomes possible in
teams and how strategic transformation of these system
properties may promote different outcomes. If  a team is not
making progress toward stated goals, individual members express
dissatisfaction with engagement, or collaborators feel they do not
understand one another, looking at the processes and structures
that influence interactions will help identify ways the team may
change. For structure, understanding that the term “stakeholder”
is not neutral but rather a set of semiotic associations that order
meaning gives team members a concrete point of reflection to
make differences clear and to create new frames. One person on
a team may narrowly define stakeholders as policy makers where
another person defines stakeholder more broadly to include
future generations and citizens. Exposing those structural
differences provides a starting point for negotiating new structural
frames, and, subsequently, enabling the mobilization of diversity
for mutual understanding and creative insight.  
In terms of process, collaborators need to examine their decision
making to ask: Do all participants have access to decision space
to potentially influence research design? Do they have a space to
articulate their unique contributions and why these may be
important to outcomes? They should be aware of communication
competence and the ways that embodied interactions, like
laughter and listening, promote mutual understanding, among
other outcomes. Further, understanding that identities and
motivations are adaptive capacities that recur through a system,
and continually encouraging identities and motivations that
connect with core sustainability goals and values, like boundary
spanning and serving society, offers a strategic approach to
intentional learning opportunities.
CONCLUSION
This research identifies important communication dimensions in
sustainability science teams as complex systems. We conclude by
highlighting four key strategies for analyzing communication
within teams and designing process and structure for intended
outcomes:
(1) Words, typologies, meeting strategies, and technologies
structure participation
Paying attention to communication as semiotic and material
structures highlights the multiple ways in which words, typologies,
and other norms define participation in teams. Awareness of these
structures is critical for identifying and strategically implementing
changes that promote inclusiveness and responsiveness to the
needs and interests of “stakeholders.”  
When we accept that multiscalar interactions create social
organizations, like sustainability science teams, then it is crucial
to pay attention to the microlevel details of interactions. This
means we need to recognize structural parts of the system as
choices and that we can choose differently should the need arise.
For example, labeling someone as a “stakeholder” when they may
see themselves a “partner” or “sustainability scientist,” can
produce conflict and disenfranchisement. Creating opportunities
for people to negotiate word choices, frame differences, meeting
structures, and the use of communication technologies is essential
for recursive alignment within teams as complex systems. At the
level of practice, informally collecting information or formally
gathering data through surveys and/or interviews about
preferences should occur regularly throughout a collaboration.
(2) Decision making matters
Communication processes that occur within face-to-face
meetings compared with e-mail exchanges compared with video
conferences may result in similar outcomes. For example, inclusive
decision making that allows diverse ideas to be included in the
project can occur through e-mail. However, the mutual influence
of decision making as process and these structures matters. If  a
single person on the team defines structure in ways that foreclose
others’ participation to voice their preferences, team members will
not have satisfaction with the process and the team is not likely
to make progress toward interdisciplinary, sustainability-related
goals.  
Decision-making processes are operationalized in a similar way
to how structures are defined. Preferences for decision making
need to be articulated at the initiation of team formation and then
regularly assessed as above. For example, in the beginning stages
participants may desire a broader consensus process. As specific
tasks develop, they may prefer problem-project specific modes of
decision making. In terms of practice, meeting notes should
record these preferences and should be shared in ways that allow
participants to clarify and add their perspective to the record.
(3) Communication creates relationships and teams; specific
communication competencies, like humor, can help intentionally
guide both
Communication includes but also transcends information
exchange. Communication shapes our sense of self  and our
relationships within the world. Accepting that communication
creates social organization means that the every interaction
matters. This raises individual and team levels of responsibility
to attend to communication competencies. Actively seeking out
opportunities to bring humor into collaboration does more than
insert a moment of laughter: it helps create a social organization
in which people have a sense of well-being based in mutual
understanding.  
If, as sustainability scientists, we want to encourage well-being
and better understanding across difference within society, we sow
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the seeds for that within ourselves and on our teams. Practicing
active listening, resisting negative sarcasm, and avoiding
comments that attempt to position you or your institution in a
place of power over another are key commitments to creating a
group with high communication competence.
(4) Realizing our goals for sustainability is possible when we
attune to communication as a complex system and find ways to
promote recursive alignment towards specific outcomes
Approaching communication as a complex system means that our
interventions are always incomplete because human interactions
are recursively guided by context-specific structures and processes
that are always in a state of becoming. Teams that used a single
person decision-making model failed to promote mutual
understanding and progress toward sustainability goals because
this approach closes down opportunities to understand and adjust
to the inevitable complexity of communication structures and
processes within teams. In contrast, attunement to
communication complexity encourages us to pay attention to how
structures and process come together to shape outcomes. By
approaching communication as complex system, we may identify
and nurture interactions and patterns on teams to promote the
outcomes we intend for social and ecological sustainability.
Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/6644
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